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Abstract: Dietary guidelines often deal with 100% fruit juice (FJ) inconsistently because it represents
a source of free sugars. However, F] also provides bioavailable micronutrients and plant bioactives
at levels similar to those found in whole fruits. The present review weighs up the evidence from
high-quality studies investigating a potential health harm for F] against evidence from studies which
indicate a potential health benefit. The findings reveal that F] consumption, at moderate intakes
consistent with the dietary guidelines for the US and some European countries (75-224 mL daily),
does not increase the risk of obesity, type 2 diabetes, cardiovascular disease or poor glycaemic control.
In contrast, regular consumption of FJ—even up to 500 mL per day in short-to-medium-term studies—
appears to confer a health benefit in terms of vascular function and reduced blood pressure. Emerging
evidence for cognitive health benefits requires further investigation in human trials. Observational
studies report associations between FJ and nutrient adequacy and suggest that FJ] consumption is
associated with reduced risk of stroke. In conclusion, FJ appears to offer more benefit than risk and
there appears to be no justification for discouraging FJ within a balanced diet for children and adults.

Keywords: fruit juice; cardiovascular; type 2 diabetes; obesity; nutrient density; cognitive function;
polyphenols; potassium

1. Introduction

Fruit juice (F]) is a drink made from the extraction or pressing of the natural liquid
contained in fruit and vegetables. While it is a source of free sugars, it also contains
micronutrients and plant bioactives. In countries, such as the UK, Spain, Austria, Denmark,
France, Hungary and Ireland, one serving of FJ counts towards daily recommendations
for fruits and vegetables [1]. The Dietary Guidelines for Americans, 2020-2025 allow for
up to half of the recommended daily fruit intake to be replaced by FJ [2]. In contrast, in
other countries such as the Netherlands, FJ is classed as a sugary drink and discouraged [3].
A review of country-based food-based dietary guidelines found that, while 7% of guidelines
were negative about FJ, only 23% clarified their role in a balanced diet while 38% failed to
provide any specific guidance on FJ [4]. Therefore, it is difficult for consumers to navigate
these conflicting messages to determine, firstly, whether FJs are helpful or harmful in a
health context and, secondly, how much can be consumed in a balanced diet. This is
compounded by the differing serving sizes noted in public health guidance (80-237 mL)
versus the broad range of intakes (200-750 mL) used in scientific studies.

FJ is strictly defined in law and must meet specific requirements relating to its produc-
tion and composition. The 2001 EU Fruit Juice Directive defines FJ as: “The fermentable
but unfermented product obtained from the edible part of fruit which is sound and ripe,
fresh or preserved by chilling or freezing of one or more kinds mixed together having
the characteristic colour, flavour and taste typical of the juice of the fruit from which it
comes” [5]. In the EU and UK, it is not permitted to add sugar to FJ and the Brix level
(concentration): “shall be the one of the juice as extracted from the fruit and shall not be
modified, except by blending with the juice of the same species of fruit” [5]. This means
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that the sugar content of FJ cannot be further modified and is representative of the sugar
content of the intact fruit.

Assumptions made about the risks of consuming FJ include a potentially negative
impact on cardiovascular health, body weight/body mass index, glycaemic control and
risk of type 2 diabetes. There are also beliefs that F] may be favoured over whole fruit, or
consumed in excessive amounts. Concerns focus on the naturally occurring sugars in FJ
which are classified as free sugars by the World Health Organisation [6]. The classification
was based on an assumption that 100% of the sugars in FJ exist outside the intact cell wall
although this does not appear to have been confirmed in practice [7].

The purpose of this review is to weigh up the evidence from studies investigating a
potential health harm for FJ (in relation to obesity, metabolic health and cardiovascular
disease [CVD]) against evidence from studies which indicate a potential health benefit (in
relation to cardiovascular health, nutrient adequacy and cognitive function). It will also
be considered whether the current evidence is sufficient to indicate optimal intakes of FJ,
which would help inform public health messages.

2. Material and Methods

As several systematic reviews and meta-analyses (SRMAs) examining FJ and specific
health outcomes have been published in the past 3 years and the focus of this review
was to weigh up risks and benefits from a public health perspective, conducting another
SRMA was outside the scope of this paper. Instead, the literature search strategy in
PubMed (covering January 2001-April 2021) focused on including all SRMAs with the
keyword ‘juice” and then excluding those which were unrelated to fruit juices, e.g., ‘gastric
juice’, ‘beetroot juice’, or which reported health outcomes not relevant to the target topics:
obesity /weight gain, CVD, glycaemic control/risk of type 2 diabetes.

Where no SRMAs were available, the search strategy switched to all randomised con-
trolled trials (RCT) which related to the target health topics with the keywords ‘fruit juice’
OR ‘orange juice” OR “grapefruit juice” OR “pomegranate juice’ OR “apple juice’. References
of papers were also searched to identify additional RCTs. Prospective observational studies
were only included where no SRMAs or RCTs were published on the reviewed topics—this
applied to nutrient adequacy and obesity /weight gain in children.

A limitation of this approach is that there is a risk that individual studies may have
been missed. However, the risk is low given the recent publication of several SRMAs,
which would have conducted a thorough, systematic search of the literature.

3. Nutritional Composition, Bioavailability and Intakes
3.1. Composition

The free sugars classification does not differentiate between naturally occurring sugars
in FJ and those added to foods and beverages, hence there is an implication that all food
sources pose a similar risk of harm, which may not be the case given their differing
nutritional values.

As Table 1 shows, FJ have a nutritional composition that is more similar to whole fruit
than to sugar-sweetened beverages (SSBs). One major difference between the juice and
fruit is the higher pectin (fibre) content of whole fruit, which is largely removed during
manufacture to produce juice. Nevertheless, when expressed as a typical serving, the
difference in fibre between the edible part of a whole orange (80 g) and a small glass of
orange juice (150 mL) is approximately 1 g [8], equating to just 3% of the EU/UK Dietary
Reference Value of 30 g.
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Table 1. Comparison of the nutritional composition of orange juice, whole orange and a typical sugar-sweetened beverage.

. Typical Sugar-
Per 100 Grams Orange Juice Whole Orange Sweetened Beverage

Energy kcal 41 36 40.6

Total sugars g 9.1 8.2 10.8

Calcium mg 11 24 59
Iron mg 0.2 0.1 0
Magnesium mg 9.5 8 1

Phosphorus mg 15.3 16 29.7
Potassium mg 152 122 1
Zincmg 0.1 Tr 0
Vitamin C mg 45 52 0
Thiamin mg 0.1 0.2 0
Riboflavin mg 0 0.03 0
Niacin mg 0.3 0.5 0
Folate mcg 21.5 33 0
Vitamin B6 mg 0.1 0.05 0
Vitamin A mcg 4.1 9 0
Vitamin E mcg 0.2 0.4 0
Total carotenoids mg 0.7 0.33 0
Hesperidin and narirutin mg 63 269 0
Pectin (fibre) mg 334 239 0
Fibre (AOAC) g 0.2-0.5 12 0

Sources of data [8-12].

The phytonutrient and micronutrient content of FJ, which sets it apart from SSBs that
contain negligible nutrition beyond carbohydrates and energy, could theoretically confer
health benefits. The range of plant bioactive compounds provided by FJ is broad. For
example, apple juice contains chlorogenic acid, quercetin and catechins; orange juice is
rich in hesperidin, narirutin, carotenoids and hydroxycinnamic acids, while blood orange
juice is also a source of anthocyanins [13-15]. Dark coloured berry and grape juices
contain anthocyanins, as well as various phenolic acids and stilbenes and pomegranate
juice contains punicalagin and punicalin [16,17]. FJ is recognised as making a significant
contribution to intakes of polyphenols; one study estimated that citrus fruit and juices
combined were the greatest contributors to flavanone intake in all regions of Europe
studied [18].

3.2. Bioavailability

Nutrients in a food mean little unless they are available to the body. Consistent
evidence from blood biomarker studies confirms that the vitamins, minerals and bioactives
in F] are available to be absorbed by the body [9,15,19].

In a 3-week study, 13 healthy, normal-weight adults drank 236 mL orange juice three
times daily [20]. Compared with baseline levels, vitamin C and folate levels increased by
59% (p value < 0.001) and 46% (p value = 0.018), respectively, while polyphenol levels rose
by eight times (p value = 0.045) and carotenoids increased by 22% (p value < 0.001).

Two RCTs which compared fresh and juiced fruit showed that 3-cryptoxanthin, hes-
peridin and narirutin were significantly more bioavailable and bioaccessible from 100%
orange juice than they were from whole oranges—even though the whole fruit has higher
levels of these potentially beneficial plant compounds [9,15]. This could be due to the
higher pectin levels in the whole fruit inhibiting absorption, or because juicing breaks
down cell walls within the fruit, leading to a greater release of polyphenols. Other work
has found that more of the carotenoids in orange juice are present in droplet form which
may explain why absorption from juice is greater than from whole fruits [21].

When comparing packaged versus freshly squeezed orange juice, approximately three
times more hesperetin (a metabolite of hesperidin) appears in blood after consumption of
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packaged orange juice [22]. The authors explained this difference by confirming that the
more efficient commercial juicing process creates a richer hesperidin content.

3.3. Intakes in Europe

According to market data, the average EU citizen drank 11.5 litres of FJ during 2018,
equating to 32 mL per day [23]. This is a modest intake compared with other beverages, e.g.,
sugar-sweetened beverages, as well as recommended serving sizes (80-200 mL). Therefore,
contrary to concerns, F] does not appear to be overconsumed on average.

There is considerable variation of intakes across European countries, for example
37% of UK adults report some F] consumption compared with 84% of Dutch and 49%
of French [24-26]. Intakes in adult consumers also vary, with 40 mL consumed daily in
Netherlands compared with 55 mL in France and 130 mL in the UK [24-26].

4. Potential Risks of Fruit Juice Consumption
4.1. Type 2 Diabetes

Observational trials report that SSBs are associated with increased risk of type 2 di-
abetes and poor glycaemic control [27-31]. This has led to speculation that FJ represent
a similar risk for type 2 diabetes on account on their sugar content. However, the evi-
dence does not support this view. The UK’s Scientific Advisory Committee on Nutrition
examined the evidence for carbohydrates and health, which included commentary on
FJ [32]. While consumption of SSBs was statistically associated with risk of type 2 diabetes,
similar links were not seen for FJ. Supporting this view, a SRMA of three cohorts with
137,663 participants concluded that FJ consumption was not statistically associated with the
risk of developing type 2 diabetes (RR = 1.03, p value = 0.62) [33]. This has been confirmed
by an updated SRMA based on five cohorts with 320,014 participants [34].

A recent SRMA looking at the dose-response relationship between FJ and metabolic
syndrome—associated with increased risk of type 2 diabetes—found a U-shaped associa-
tion, with protection at moderate intakes of FJ (RR for 125 mL/d = 0.77) [35]. A U-shaped
curve suggests negative effects at both very low and excess intakes, whereas linear associa-
tions, as reported for SSBs, suggest increased negative effects with increasing intakes [35].
Studies have attempted to demonstrate the importance of separating SSBs and 100% FJ
when looking at dose-response effects, because of the many differences between the bever-
ages [36].

4.2. Glycaemic Control

A SRMA combining 18 RCTs in 960 participants reported that FJ] consumption had
no significant impact on fasting blood glucose and insulin, insulin resistance, or glycated
haemoglobin [37]. Many of the participants in this analysis were overweight or had
existing metabolic risk factors, such as raised cholesterol or type 2 diabetes. A second
SRMA combined 12 RCTs in 412 participants, including those who were obese or had
underlying risk factors for type 2 diabetes or CVD [38]. In half of the studies, daily FJ
intakes were in excess of 400 mL but, despite this, F] consumption was not found to
significantly impact fasting blood glucose or insulin levels. A third SRMA of 155 study
comparisons (5086 participants) concluded that certain food groups, including SSBs and
sweetened milks, had reported “harmful effects” on glycaemic control when tested in in
substitution studies [39]. In contrast, both fruits and FJ] were reported as offering beneficial
effects. A fourth SRMA found no impact of regular FJ] consumption on blood glucose or
insulin levels, HOMA index, or HbAlc based on data from 3 to 23 RCTs [34].

Why have SRMAs reported null effects on glycaemic control considering that FJs are a
source of free sugars which are, from a WHO standpoint, no different from those added to
SSBs? Two reasons have been proposed. Firstly, FJs are classified as low glycaemic index
(GI), suggesting that they have a smaller impact on post-prandial blood glucose levels than
a reference food. For example, 100% apple juice has a GI of 41 (whole apples = 36) while
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100% orange juice has a GI of 50 (whole oranges = 43) [40]. This compares favourably with
an average SSB which has a GI of 63-68.

A second reason is linked to the polyphenol content of F] which has been proposed
to have a “double action” on glycaemia. Studies have found that polyphenols, such as
hesperidin in citrus juice or punicalagin and punicalin in pomegranate juice, slow down
post-prandial glucose absorption from the gut resulting in a flatter post-prandial blood
glucose peak [17,41]. The 2019 study by Kerimi et al., found that hesperidin influences the
actions of GLUT2 and GLUTS5 sugar transporters, leading to a significantly lower rate of
glucose uptake. This could potentially involve the polyphenol metabolites produced by the
gut microbiota, which have an effect much later than the initial post-prandial period [17].

4.3. Obesity and Excess Weight Gain

A typical 150 mL serving of F] contains approximately 60 kcal, equivalent to 3% of the
EU Reference Intake for energy. Nevertheless, F] consumption has been blamed by some
commentators for contributing to obesity [42]. Inconsistent findings have been reported
by observational studies, perhaps because these rely heavily on self-reports of beverage
consumption which are vulnerable to error and bias, and often combine F] with sugar-
sweetened fruit drinks [43,44]. Therefore, a more reliable assessment of the impact of F] on
weight gain and obesity risk is to include evidence from intervention trials.

4.3.1. Studies in Adults

Two SRMAs have examined the impact of FJ on obesity risk and body composition in
adults. D’Elia et al., 2020 found no statistical associations between regular FJ consumption
and body mass index or weight gain using data from observational studies and RCTs [34].
A similar conclusion was reported by a second SRMA which included measures of body
weight, body mass index, waist circumference, fat mass or lean body mass from RCTs [45].
It is noteworthy that, out of 17 human intervention trials where 100% orange juice was
consumed at intakes of 250-750 mL daily for 4 to 12 weeks, none reported a statistically
significant change to body weight [46].

This does not mean that large intakes of FJ can be encouraged since two interventions
found adverse effects on short-term anthropometric markers at the extremes of consump-
tion. A 2-week RCT found that consuming 20% of daily energy requirements as FJ between
meals resulted in a statistically significant 1 kg increase in fat mass, while the same amount
of FJ] consumed with meals significantly reduced fat mass by 0.3 kg [47]. A second trial
required healthy lean and overweight adults to consume either whole fruit, vegetables or
FJ, equating to 20% of daily energy requirements [48]. On average, participants gained
weight and fat mass over the 8-week intervention, with no statistically significant difference
between the fruit/vegetable and FJ groups, but considerable individual variation in body
fat change in overweight and obese participants. In assessing these trials, it is evident
that the 980-1300 mL daily consumption of FJ] was not fully compensated by a reduction
in other foods, resulting in an overall energy gain which led to accretion of fat mass. In
contrast, a more modest daily intake of 150-300 mL FJ, as part of a 12-week intervention to
boost fruit and vegetable consumption to 8 servings per day, did not lead to a statistically
significant change in body weight [49].

4.3.2. Studies in Children

There is a distinct lack of RCTs in children looking at the impact of F] on weight gain,
highlighting an important evidence gap. Just one 12-week RCT was found which was
designed to test the nutritional impact of three fortified orange juices in 180 children with a
mean age of 8 years [50]. The authors noted that “body weight remained as expected for
growth” during the study, indicating that the twice-daily glass of 240 mL did not have an
adverse effect on weight change.

One SRMA was located by Auerbach et al. [51] which included 8 prospective cohort
studies involving more than 34,000 children. This found no association when all studies
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were combined but different associations between FJ consumption and body mass index
z-scores for younger versus older age groups. The authors concluded: “Consumption of
100% fruit juice is associated with a small amount of weight gain in children ages 1 to
6 years that is not clinically significant, and is not associated with weight gain in children
ages 7 to 18 years”. Daily intake ranges of FJ in the different age groups differed markedly
with younger children consuming 224-504 mL and older children consuming 109-190 mL.
Controlling for energy intake did not affect the outcomes of the Auerbach study [51] but
resulted in the association between consumption of FJ and weight/body fatness becoming
non-significant in a systematic review of 22 studies in children and adolescents [52].

In a prospective study of more than 500 British children, no association was found be-
tween FJ consumption and body fatness at age 5 or 7 years [53]. A second prospective study
followed up 100 US children from the age of 3-6 years, finding that regular FJ consumption
was not associated with changes in body mass index but did predict higher whole fruit
consumption in adolescence [54]. A third prospective study followed 7301 children aged
9-16 years for two years on average [55]. Orange juice consumption was not associated
with body mass index percentile change; with the highest consumption group drinking
more than 1 glass daily. Therefore, apart from the non-clinically significant weight gain
seen in 1 to 6 year olds [51], drinking FJ does not appear to promote excess weight/fat gain
in children.

4.4. Evidence for Safe Intakes

The current evidence in adults suggests that drinking FJ on a regular basis, even
daily, is not a cause of weight gain nor does it influence the risk of obesity. RCTs which
investigated daily FJ intakes of 250-750 mL for 4 to 12 weeks recorded no significant weight
gain, despite these levels being in excess of current guidance. There is now a need to
examine the impact of regular FJ] consumption over a longer time period, e.g., 1 year.

In children, the only available SRMA was based on observational studies and indi-
cated that 224-504 mL of FJ daily in younger children was associated with a small but
statistically significant risk of excess weight gain [51]. In contrast, the more modest intakes
in older children (109-190 mL daily) were not linked with excess weight gain. The only RCT
located tested 480 mL daily for 12 weeks, finding no adverse effects on body weight [50].
The longitudinal study by Wan et al., 2020 found that consumption of 1.5 cups daily (equiv-
alent to 224 mL) was not associated with excess weight gain [54]. The limited evidence
from these studies suggests that intakes below 224 mL (8 0z) daily would be appropriate
for school-aged children. A US expert committee concluded that FJ should be limited to
children aged over 12 months at age-appropriate intakes ranging from 4-8 oz (112 mL to
224 mL) per day [56].

Turning to type 2 diabetes and glycaemic control, two SRMAs suggested no risk of
type 2 diabetes at FJ intakes of 75 and 150 mL or up to 220 mL [34,35]. The SRMA that
included RCTs [34] found no negative impact on glycaemic control at daily FJ intakes of
323430 mL.

5. Potential Benefits of Fruit Juice Consumption
5.1. Associations with Nutrient Adequacy

No SRMAs were found which examined associations between FJ consumption and
nutrient/diet adequacy. Individual observational studies tend to show that FJ consumption
is typically associated with higher nutrient density or better-quality diets, when compared
with diets where FJ is not consumed, or only at low levels [24,26,52,57-60]. However,
bearing in mind the limitations of observational studies, particularly that F] consumption
may simply be a marker of healthier habits, it cannot be assumed that drinking FJ improves
nutrient adequacy, only that it is associated with higher-quality diets which may indicate a
general healthier lifestyle in F] consumers.

A French study found that F] consumers tended to eat more whole fruits and veg-
etables than non-consumers and had significantly greater intake of fibre (18.6 g (SEM 0.2)



Nutrients 2021, 13, 1815

7 of 14

vs. 19.8 g (SEM 0.3) (p value < 0.0001)) [59]. This and other studies [54] suggest that FJ is
not replacing whole fruit or vegetables in the diet or being a marker of low fibre intakes;
common concerns about FJ consumption.

Additional evidence comes from two clinical trials where daily FJ formed part of the
intervention. The first, in 45 healthy adults with habitually low fruit/vegetable intake,
examined the nutritional and metabolic impact of consuming 8 daily servings of fruit and
vegetables, including 150-300 mL of FJ [49]. After 12 weeks, significant rises were seen
in blood levels of vitamin C (35%), folate (15%) and carotenoids (50-70%) compared with
participants following their habitual diets. Average daily total sugars increased by 37 g in
the intervention group, 20 g of which were free sugars and likely to have come from the FJ.
Despite the significant sugar increase, overall energy intakes remained constant across the
intervention, as did body weight. A second trial evaluated the impact of an energy-reduced
diet in 78 obese women, with half consuming 500 mL of orange juice daily between meals
while the remaining participants ate an energy-matched snack [61]. Following the 12-week
intervention, blood levels of vitamin C rose by 62% (p value < 0.015), while blood folate
rose by 39% (p value = 0.033).

Although polyphenols are not classed as nutrients there is a wealth of evidence
supporting their intake for lowering risk of disease [62]. F] provides a range of potentially
beneficial polyphenols, including anthocyanins, flavonols, flavan-3-ols and flavanones, and
several types of juice are rich in polyphenols, contributing significantly to the polyphenol
content of the diet [63,64]. The observational study by Zamora-Ros et al., 2011 estimated
flavonoid intake and dietary sources using data from 36,037 participants and found that
citrus-based juices were one of the major food sources of dietary flavanones [18]. Apple
products (including apple juice) are estimated to be among the top 3 or 4 dietary sources of
total polyphenols consumed in the USA [65,66].

5.2. Cardiovascular Health

Several trials have found that FJ intake contributes to blood pressure (BP) reduction.
A SRMA of 19 RCTs comprising 618 participants reported that F] consumption reduced
diastolic BP by 2.07 mmHg (p value = 0.02) on average compared with a placebo [67]. The
authors estimated that such a reduction could lower the incidence of hypertension by 17%
and coronary heart disease (CHD) by 6%. However, no other significant effects on other
markers of CVD risk were found. This is supported by a SRMA of more than 80 cohort
studies which followed up 4,031,896 individuals for an average of 11 years [68]. During
that time, more than 125,000 cardiovascular events were recorded. The study found that
fruit, vegetables and F] were similarly associated with a relative risk reduction of 13-14%
in heart disease mortality. Additionally, regular F] consumption was statistically linked
with a 33% reduced risk of stroke mortality; greater than the risk reduction seen for whole
fruit (13%) and vegetables (6%). The study concluded that the most important individual
fruits and vegetables for lowering the risk of CVD were citrus fruits, FJ, apples, allium
vegetables, carrots, cruciferous vegetables and green leafy vegetables.

A third SRMA evaluated the evidence from 21 observational studies and 35 RCTs [34].
Regular consumption of FJ was associated with a statistically significant lower risk of
stroke (up to 22% depending upon intake) and a significant reduction in cardiovascular
events. Looking specifically at RCTs, drinking FJ significantly lowered BP (systolic BP:
—3.14 mmHg; diastolic BP: —1.68 mmHg) and significantly improved vascular function
(carotid-femoral pulse wave velocity: —0.38 m/s; flow-mediated dilation (FMD): 2.1%),
which would be expected to impact favourably on stroke risk. There was no impact of FJ
consumption on blood lipids or inflammation.

A fourth SRMA of 8 RCTs reported that pomegranate juice reduced systolic BP on
average by 4.96 mmHg (p value < 0.001) and diastolic BP by 2.01 mmHg (p value = 0.021)
compared with placebos [69]. A fifth SRMA of 10 RCTs evaluating orange juice con-
sumption and CVD and metabolic risk factors found a significantly beneficial effect of
drinking orange juice (approximately 500 mL daily) on glucose, insulin, total cholesterol,
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low-density lipoprotein cholesterol and inflammation [45]. A sixth SRMA of 16 RCTs
comprising 572 subjects reported that pomegranate juice significantly reduced some mark-
ers of inflammation compared with placebo (hs-CRP: —6.57 mg/L, p value < 0.001; IL-6:
—1.68 pg/mL, p value < 0.001; TNF-oa: —2.37 pg/mL, p value < 0.01) [70]. Chronic inflam-
mation is a marker of enhanced CVD risk.

Two recent RCTs were not included in these SRMAs. In a crossover trial, 15 healthy
overweight adults drank 400 mL daily of blood orange juice or a sugar-matched control
drink with meals [71]. After 2 weeks, FMD improved by 2% (p value = 0.002), reported to be
a clinically significant finding in relation to CVD risk reduction. Data on urinary excretion
of citrus flavanone metabolites provided evidence that the FMD increase was related to
hesperidin—the major polyphenol found in orange juice. A second RCT in 159 adults with
raised systolic BP compared regular orange juice with a hesperidin-enriched orange juice
and a sugar-matched placebo; all 500 mL daily [72]. After 12 weeks, there were significant
improvements in BP and pulse pressure in both the regular and enriched orange juice, with
a dose-response effect seen for hesperidin content.

5.2.1. Mechanisms of Action

It has been proposed that the positive vascular effects seen for FJ consumption could
be due to potassium, which has a claim in the EU for supporting normal BP, as well
as vitamin C, nitrates, folate and polyphenols [73]. Higher dietary potassium intake is
associated with lower rates of stroke and may also reduce the risk of CVD and CHD [74].
Several types of FJ provide an amount of potassium that would be classified as a significant
amount according to European Law (>7.5% per 100 mL). Per serving of 150 mL, orange juice
provides 228 mg potassium; grapefruit juice 150 mg; tomato juice 345 mg and pomegranate
juice 348 mg [11,75].

The polyphenols in FJ have also been proposed to be involved in specific beneficial
effects on inflammation and vascular function. Citrus flavanones have been implicated in
inflammation through their ability to inhibit pro-inflammatory enzymes such as COX-2 [76].
Polyphenols have also been suggested to inhibit platelet aggregation, which lowers the
risk of excessive clotting, and to help prevent hyper-homocysteinemia, which has been
linked to increased CVD risk [73]. In addition, the antioxidant effect of polyphenols is
often explored; one RCT using hesperidin supplementation in 64 participants with type 2
diabetes found that it reduced oxidative DNA damage and lipid peroxidation, implying an
effect on vascular function and lipid accumulation [77].

5.2.2. Evidence for Optimal Intakes

The data from the current evidence on CVD suggests a possible range of intakes
which could provide a beneficial effect to vascular health or at least seems to demonstrate
no negative effects or consequences. Looking at observational studies, one prospective
cohort study of more than 34,000 adults from the Netherlands, found that drinking up to
one 150 mL glass per day of FJ] was significantly associated with a 12-17% reduced risk
of CVD and CHD, and a 20-24% reduced risk of stroke [25]. The previously mentioned
SRMA by D’Elia et al., 2020 found that beneficial associations were seen at daily intakes of
100-200 mL, which is consistent with health guidance in several European countries [34].
Data from RCTs suggests that short-term intakes of up to 500 mL per day can provide
benefits, but the longer-term effects of intakes this high are yet to be determined.

5.3. Cognitive Function

FJ compounds that have been associated with cardiovascular health would also be
expected to impact on brain and cognitive health since CVD is a risk factor for certain types
of dementia [78]. Metabolites of certain F] compounds, such as polyphenols, can cross the
blood-brain barrier enabling them to have a positive impact on cognitive function [79].
Some mechanisms for the effects of citrus polyphenols on brain health have been proposed
based on animal studies and pre-clinical trials, for example promoting cerebral blood flow
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and increasing blood nitric oxide levels and oxygenation, as well as protecting brain cells
from oxidative damage [78]. Effects on inflammation have also been proposed through the
potential of FJ polyphenols to inhibit inflammatory signalling in glial cells, thus reducing
the risk of neuroinflammatory injury [80].

No SRMAs on FJ and cognitive function have been published and RCTs are scarce—
the systematic review by Pontifex et al., 2021 reviewed the findings of 10 human studies
(4 RCT) on citrus flavanones observing that these were generally supportive of the animal
and pre-clinical studies which reported cognitive performance improvements and lower
disease risk [78]. Another systematic review focussed on fruits, vegetables and their juices,
reporting that 17 out of 19 observational studies and three out of six intervention studies
reported significant improvements in cognitive performance at higher intakes [81]. Greater
benefits were seen for chronic consumption in healthy older adults.

Turning to specific RCTs, an acute crossover trial found that a berry smoothie main-
tained cognitive function in young adults during 6 h of fatiguing tests compared with an
energy-matched control drink which resulted in cognitive decline [82]. Another acute RCT
in young adults reported increased cerebral blood flow and improved cognitive perfor-
mance in a test for speed, sustained attention and visual spatial skills following a single
serving of flavonoid-rich orange juice relative to placebo [83]. In healthy older adults, an
8-week crossover RCT found that daily flavanone-rich orange juice significantly increased
global cognitive function tests, while an acute RCT in middle-aged men concluded that
a single serving of flavonoid-rich orange juice significantly improved executive function,
alertness and psychomotor speed compared with placebo [84,85]. A 12-week crossover RCT
in healthy, middle-aged women reported that a daily serving of purple grape juice signifi-
cantly improved spatial memory and driving performance relative to placebo [86]. Finally,
a 12-week RCT in older adults revealed that cognitive performance in a battery of tests
improved after daily consumption of tart cherry juice compared with placebo [87]. Visual
sustained attention and spatial working memory also significantly improved compared
with baseline in the cherry juice group.

Further research is now required to test the cognitive impact of FJ polyphenols in
longer-term human trials, especially in healthy older populations, and examine inter-
relationships with the gut microbiota which are known to influence polyphenol bioavail-
ability and certain disease models (e.g., lipopolysaccharide-induced neuroinflammation
and dysfunction of the blood-brain barrier).

As human research is currently limited, it is not possible to speculate on optimal
intakes for cognitive function.

6. Discussion

Even though FJ is classified as a source of free sugars by the WHO, and as such
will form part of individual country targets for free sugars, it is nevertheless clear from
the available evidence that FJs are not the same in terms of nutritional composition nor
potential health effects as SSBs. As evidenced by SRMAs, SSBs are associated with weight
gain, risk of obesity and risk of developing type 2 diabetes—but FJs are not. In addition,
while FJs are associated with lower risk of CVD and improved vascular function in SRMAs
and individual RCTs, these beneficial effects are not seen for SSBs.

A recent secondary analysis used data from the European Prospective Investigation
into Cancer and Nutrition (EPIC-NL) cohort comprising >35,000 participants to examine
the effects of SSBs, FJ and whole fruit on disease risk [88]. The findings from substitution
analyses revealed that swapping 75-100% of total SSBs plus F] for F] alone lowered the
hazard ratio to 0.74 for type 2 diabetes and to 0.85 for CHD, suggesting the benefit of
reducing SSBs intake and replacing it with FJ. Further analyses found that substitution
of whole fruit for FJ did not increase the risk of type 2 diabetes, CVD, CHD or stroke,
suggesting a health impact equivalence of whole fruit and its juice. The previously men-
tioned SRMA of observational studies by Zurbau et al., 2020 supports this finding, with FJ
consumption associated with a greater reduction in stroke mortality risk than either whole
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fruit or vegetables, and reductions in heart disease mortality being equivalent between the
three food types [68].

The apparent differences between FJ and SSBs, often despite a similar total and free
sugar content, are most likely due to the naturally occurring micronutrients and plant
bioactives found in FJ. These include potassium, vitamin C, folate, carotenoids and the
polyphenols: hesperidin, quercetin, carotenoids, anthocyanins and punicalagin. Such
components, according to systematic reviews [74,78] and individual studies [17,41,72,89],
are likely to explain the improved FMD and pulse pressure, lower BP, slower absorption
of dietary sugars in the gut, and anti-inflammatory and antioxidant effects seen in RCTs
when FJ is consumed regularly. The low GI of F] (41-52) compared with that of SSBs
(63-68) may be why FJ] consumption seems to have no impact on glycaemic control in RCTs,
or are associated with risk of type 2 diabetes despite a free sugar level of approximately
9-10 g/100 mL.

In terms of vascular effects, polyphenols are also likely to play a role. For example,
orange juice consumption has the potential to increase nitric oxide (NO) plasma concen-
tration, which could result in lower BP since changes in vascular function were positively
correlated with plasma concentrations of flavanones in one RCT [89]. The BP-lowering
effects of FJ could also involve an inhibitory effect on angiotensin-converting enzyme [90].
Potassium in F] may also be a contributing factor since the relationship between potassium
and BP is well researched, with a SRMA reporting that higher intakes of potassium are
associated with decreased risk of stroke [74]. This effect is more pronounced in adults
with hypertension or elevated sodium intake [74]. The rich vitamin C content of FJ could
also have vascular effects through the regulation of prostacyclin production and NO
activity [91].

7. Conclusions

The purpose of this review was to weigh up the evidence from studies investigating a
potential health harm for FJ against evidence from studies which indicate a potential health
benefit. Despite its classification as a source of free sugars, FJ] appears to be associated with
benefits rather than risks, especially in relation to vascular health and nutrient adequacy.
FJ is an important, bioavailable source of polyphenols, which, in their own right, have
been linked with health benefits. There is a suggestion that, for some health markers at
least, a U-shaped curve exists, supporting moderate consumption of F] (75-224 mL daily)
consistent with the public health advice provided in the US dietary guidelines and those
of several European countries where a serving of FJ counts towards daily fruit intakes.
In contrast, there seems to be no justification for discouraging moderate consumption of FJ
within a balanced diet or classifying FJ as a sugary beverage alongside SSBs.

Author Contributions: Conceptualisation and literature search, C.H.S.R.; literature review and
summarisation of evidence, C.H.S.R. and M.M.; writing and editing manuscript, C.H.S.R. and M.M.;
funding acquisition, C.H.S.R. All authors have read and agreed to the published version of the
manuscript.

Funding: This research was funded by an unrestricted grant from the Fruit Juice Science Centre
https://fruitjuicesciencecentre.eu (accessed on 26 May 2021).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: CHSR developed the concept and both authors contributed equally to the
literature search and writing.

Conflicts of Interest: CHSR provides consultancy services to the European Fruit Juice Association
(AIJN), innocent Ltd. and serves as a member of the Tea Advisory Panel. MM provides consultancy
services to the European Fruit Juice Association (AIJN). This review represents authors” personal
opinions and does not reflect that of any organisation with which they are associated.


https://fruitjuicesciencecentre.eu
https://fruitjuicesciencecentre.eu

Nutrients 2021, 13, 1815 11 of 14

References

1. EU Science Hub. Food-Based Dietary Guidelines in Europe. Available online: https://ec.europa.eu/jrc/en/health-knowledge-
gateway/promotion-prevention/nutrition/food-based-dietary-guidelines (accessed on 30 April 2021).

2. US Department of Health and Human Services; US Department of Agriculture. 2020-2025 Dietary Guidelines for Americans, 9th ed.;
US Government Printing Office: Washington, DC, USA, 2020.

3. Kromhout, D.; Spaaij, C.J.; de Goede, J.; Weggemans, R.M. The 2015 Dutch food-based dietary guidelines. Eur. J. Clin. Nutr. 2016,
70, 869-878. [CrossRef]

4.  Herforth, A.; Arimond, M.; Alvarez-Sanchez, C.; Coates, J.; Christianson, K.; Muehlhoff, E. A Global Review of Food-Based
Dietary Guidelines. Adv. Nutr. 2019, 10, 590-605. [CrossRef] [PubMed]

5. European Parliament, Council of the European Union. Council Directive 2001/112/EC of 20 December 2001 relating to fruit
juices and certain similar products intended for human consumption. Off. J. 2001, 10, 58-66.

6.  World Health Organisation. Guideline: Sugars Intake for Adults and Children; WHO: Geneva, Switzerland, 2015.

7. World Health Organisation. Joint WHO/FAO Expert Consultation. In Diet, Nutrition and the Prevention of Chronic Diseases;
World Health Organization: Geneva, Switzerland, 2003.

8.  Department of Health. Nutrient Analysis of Fruit and Vegetables: Summary Report; Department of Health: London, UK, 2013.

9.  Aschoff, ].K; Riedl, K.M.; Cooperstone, ].L.; Hogel, J.; Bosy-Westphal, A.; Schwartz, S.J.; Carle, R.; Schweiggert, R.M. Urinary
excretion of Citrus flavanones and their major catabolites after consumption of fresh oranges and pasteurized orange juice:
A randomized cross-over study. Mol. Nutr. Food Res. 2016, 60, 2602-2610. [CrossRef] [PubMed]

10. Ywassaki, L.A.; Canniatti-Brazaca, S.G. Ascorbic acid and pectin in different sizes and parts of citric fruits. Food Sci. Technol. 2011,
31, 319-326. [CrossRef]

11.  Public Health England. McCance and Widdowson’s Composition of Foods Integrated Dataset on the Nutrient Content of the UK
Food Supply. 2015. Available online: http://www.gov.uk/government/publications/composition-of-foods-integrated-dataset-
cofid (accessed on 4 May 2021).

12.  De Rycker, J.; Ruxton, C.; Jungen, M.; Schweiggert, R. Nutritional composition of commercially-produced 100% orange juice
reveals large variability in vascular health bioactive, hesperidin. Proc. Nutr. Soc. 2020, 79, E320. [CrossRef]

13.  Bestwick, C.; Scobbie, L.; Milne, L.; Duncan, G.; Cantlay, L.; Russell, W. Fruit-Based Beverages Contain a Wide Range of
Phytochemicals and Intervention Targets Should Account for the Individual Compounds Present and Their Availability. Foods
2020, 9, 891. [CrossRef]

14. Grosso, G.; Galvano, F.; Mistretta, A.; Marventano, S.; Nolfo, F.; Calabrese, G.; Buscemi, S.; Drago, F.; Veronesi, U.; Scuderi, A. Red
Orange: Experimental Models and Epidemiological Evidence of Its Benefits on Human Health. Oxid. Med. Cell. Longev. 2013,
2013, 157240. [CrossRef]

15. Aschoff, J.K.; Rolke, C.L.; Breusing, N.; Bosy-Westphal, A.; Hogel, ]J.; Carle, R.; Schweiggert, R.M. Bioavailability of (3-
cryptoxanthin is greater from pasteurized orange juice than from fresh oranges-a randomized cross-over study. Mol. Nutr. Food
Res. 2015, 59, 1896-1904. [CrossRef]

16. Olas, B. Berry Phenolic Antioxidants-Implications for Human Health? Front. Pharmacol. 2018, 9, 78. [CrossRef]

17.  Kerimi, A.; Nyambe-Silavwe, H.; Gauer, J.S.; Tomas-Barberan, F.A.; Williamson, G. Pomegranate juice, but not an extract, confers
a lower glycemic response on a high—glycemic index food: Randomized, crossover, controlled trials in healthy subjects. Am. J.
Clin. Nutr. 2017, 106, 1384-1393. [CrossRef]

18. Zamora-Ros, R.; Knaze, V.; Lujan-Barroso, L.; Slimani, N.; Romieu, L.; Fedirko, V.; de Magistris, M.S.; Ericson, U.; Amiano, P;
Trichopoulou, A.; et al. Estimated dietary intakes of flavonols, flavanones and flavones in the European Prospective Investigation
into Cancer and Nutrition (EPIC) 24 hour dietary recall cohort. Br. J. Nutr. 2011, 106, 1915-1925. [CrossRef] [PubMed]

19. Pereira-Caro, G.; Borges, G.; van der Hooft, J.; Clifford, M.N.; Del Rio, D.; Lean, M.E.; Roberts, S.A.; Kellerhals, M.B.; Crozier, A.
Orange juice (poly)phenols are highly bioavailable in humans. Am. J. Clin. Nutr. 2014, 100, 1378-1384. [CrossRef]

20. Franke, A.A; Cooney, R.V.; Henning, S.M.; Custer, L.J. Bioavailability and Antioxidant Effects of Orange Juice Components in
Humans. J. Agric. Food Chem. 2005, 53, 5170-5178. [CrossRef]

21. Cervantes-Paz, B.; Ornelas-Paz, ].J.; Ruiz-Cruz, S.; Rios-Velasco, C.; Ibarra-Junquera, V.; Yahia, E.M.; Gardea-Béjar, A.A. Effects of
pectin on lipid digestion and possible implications for carotenoid bioavailability during pre-absorptive stages: A review. Food Res.
Int. 2017, 99, 917-927. [CrossRef] [PubMed]

22. Silveira, J.Q.; Cesar, T.B.; Manthey, ].A.; Baldwin, E.A.; Bai, J.; Raithore, S. Pharmacokinetics of Flavanone Glycosides after
Ingestion of Single Doses of Fresh-Squeezed Orange Juice versus Commercially Processed Orange Juice in Healthy Humans.
J. Agric. Food Chem. 2014, 62, 12576-12584. [CrossRef] [PubMed]

23.  AIJN European Fruit Juice Association (2019) Market Report. Available online: https://www.aijn2019report.com/aijn2019report/
the_fruit_juice_industry_overall_fruit_juice_consumption (accessed on 9 April 2021).

24. Mitchell, E.S.; Musa-Veloso, K.; Fallah, S.; Lee, H.Y.; Chavez, PJ.; Gibson, S. Contribution of 100% Fruit Juice to Micronutrient
Intakes in the United States, United Kingdom and Brazil. Nutrients 2020, 12, 1258. [CrossRef]

25.  Scheffers, ER.; Wijga, A.H.; Verschuren, WM.M.; van der Schouw, Y.T.; Sluijs, I.; Smit, H.A.; Boer, ]. M.A. Pure Fruit Juice and

Fruit Consumption Are Not Associated with Incidence of Type 2 Diabetes after Adjustment for Overall Dietary Quality in the
European Prospective Investigation into Cancer and Nutrition-Netherlands (EPIC-NL) Study. J. Nutr. 2020, 150, 1470-1477.
[CrossRef]


https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention/nutrition/food-based-dietary-guidelines
https://ec.europa.eu/jrc/en/health-knowledge-gateway/promotion-prevention/nutrition/food-based-dietary-guidelines
http://doi.org/10.1038/ejcn.2016.52
http://doi.org/10.1093/advances/nmy130
http://www.ncbi.nlm.nih.gov/pubmed/31041447
http://doi.org/10.1002/mnfr.201600315
http://www.ncbi.nlm.nih.gov/pubmed/27488098
http://doi.org/10.1590/S0101-20612011000200007
http://www.gov.uk/government/publications/composition-of-foods-integrated-dataset-cofid
http://www.gov.uk/government/publications/composition-of-foods-integrated-dataset-cofid
http://doi.org/10.1017/S0029665120002682
http://doi.org/10.3390/foods9070891
http://doi.org/10.1155/2013/157240
http://doi.org/10.1002/mnfr.201500327
http://doi.org/10.3389/fphar.2018.00078
http://doi.org/10.3945/ajcn.117.161968
http://doi.org/10.1017/S000711451100239X
http://www.ncbi.nlm.nih.gov/pubmed/21679483
http://doi.org/10.3945/ajcn.114.090282
http://doi.org/10.1021/jf050054y
http://doi.org/10.1016/j.foodres.2017.02.012
http://www.ncbi.nlm.nih.gov/pubmed/28847428
http://doi.org/10.1021/jf5038163
http://www.ncbi.nlm.nih.gov/pubmed/25495754
https://www.aijn2019report.com/aijn2019report/the_fruit_juice_industry_overall_fruit_juice_consumption
https://www.aijn2019report.com/aijn2019report/the_fruit_juice_industry_overall_fruit_juice_consumption
http://doi.org/10.3390/nu12051258
http://doi.org/10.1093/jn/nxz340

Nutrients 2021, 13, 1815 12 of 14

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Francou, A.; Hebel, P.; Braesco, V.; Drewnowski, A. Consumption Patterns of Fruit and Vegetable Juices and Dietary Nutrient
Density among French Children and Adults. Nutrients 2015, 7, 6073—-6087. [CrossRef] [PubMed]

Wang, M.; Yu, M; Fang, L.; Hu, R.Y. Association between sugar-sweetened beverages and type 2 diabetes: A meta-analysis.
J. Diabetes Investig. 2015, 6, 360-366. [CrossRef]

Imamura, F; O’Connor, L.; Ye, Z.; Mursu, J.; Hayashino, Y.; Bhupathiraju, S.N.; Forouhi, N.G. Consumption of sugar sweetened
beverages, artificially sweetened beverages, and fruit juice and incidence of type 2 diabetes: Systematic review, meta-analysis,
and estimation of population attributable fraction. BMJ 2015, 351, h3576. [CrossRef]

Papier, K.; D’Este, C.; Bain, C.; Banwell, C.; Seubsman, S.; Sleigh, A.; Jordan, S. Consumption of sugar-sweetened beverages
and type 2 diabetes incidence in Thai adults: Results from an 8-year prospective study. Nutr. Diabetes 2017, 7, €283. [CrossRef]
[PubMed]

Hirahatake, K.M.; Jacobs, D.R.; Shikany, ].M.; Jiang, L.; Wong, N.D.; Steffen, L.M.; Odegaard, A.O. Cumulative intake of artificially
sweetened and sugar-sweetened beverages and risk of incident type 2 diabetes in young adults: The Coronary Artery Risk
Development In Young Adults (CARDIA) Study. Am. J. Clin. Nutr. 2019, 110, 733-741. [CrossRef] [PubMed]

Drouin-Chartier, ].-P.; Zheng, Y,; Li, Y.; Malik, V.; Pan, A.; Bhupathiraju, S.N.; Tobias, D.K.; Manson, ].E.; Willett, W.C.; Hu, EB.
Changes in Consumption of Sugary Beverages and Artificially Sweetened Beverages and Subsequent Risk of Type 2 Diabetes:
Results From Three Large Prospective. U.S. Cohorts of Women and Men. Diabetes Care 2019, 42, 2181-2189. [CrossRef]
Scientific Advisory Committee on Nutrition. Carbohydrates and Health. 2015. Available online: http://www.gov.uk/
government/publications/sacn-carbohydrates-and-health-report (accessed on 15 April 2021).

Xi, B;; Li, S.; Liu, Z.; Tian, H.; Yin, X.; Huai, P; Tang, W.; Zhou, D.; Steffen, L.M. Intake of Fruit Juice and Incidence of Type 2
Diabetes: A Systematic Review and Meta-Analysis. PLoS ONE 2014, 9, €93471. [CrossRef] [PubMed]

D’Elia, L.; Dinu, M.; Sofi, F.; Volpe, M.; Strazzullo, P.; SINU Working Group, Endorsed by SIPREC. 100% Fruit juice intake and
cardiovascular risk: A systematic review and meta-analysis of prospective and randomised controlled studies. Eur. J. Nutr. 2020.
[CrossRef] [PubMed]

Semnani-Azad, Z.; Khan, T.A.; Mejia, S.B.; de Souza, R.J.; Leiter, L.A.; Kendall, C.; Hanley, A.].; Sievenpiper, ].L. Association of
Major Food Sources of Fructose-Containing Sugars With Incident Metabolic Syndrome: A Systematic Review and Meta-analysis.
JAMA Netw. Open 2020, 3, €209993. [CrossRef] [PubMed]

Khan, T.A.; Chiavaroli, L.; Zurbau, A.; Sievenpiper, J.L. A lack of consideration of a dose-response relationship can lead to
erroneous conclusions regarding 100% fruit juice and the risk of cardiometabolic disease. Eur. J. Clin. Nutr. 2019, 73, 1556-1560.
[CrossRef]

Murphy, M.M.; Barrett, E.C.; Bresnahan, K.A.; Barraj, L.M. 100% Fruit juice and measures of glucose control and insulin sensitivity:
A systematic review and meta-analysis of randomized controlled trials. J. Nutr. Sci. 2017, 6, €59. [CrossRef]

Wang, B.; Liu, K.; Mi, M.; Wang, J. Effect of Fruit Juice on Glucose Control and Insulin Sensitivity in Adults: A Meta-Analysis of
12 Randomized Controlled Trials. PLoS ONE 2014, 9, €95323. [CrossRef]

Choo, V.L,; Viguiliouk, E.; Mejia, S.B.; Cozma, A.L; Khan, T.A.; Ha, V.; Wolever, TM.S.; Leiter, L.A.; Vuksan, V.; Kendall, CW.C,;
et al. Food sources of fructose-containing sugars and glycaemic control: Systematic review and meta-analysis of controlled
intervention studies. BMJ 2018, 363, k4644. [CrossRef] [PubMed]

Atkinson, F.S.; Foster-Powell, K.; Brand-Miller, J.C. International Tables of Glycemic Index and Glycemic Load Values: 2008.
Diabetes Care 2008, 31, 2281-2283. [CrossRef] [PubMed]

Kerimi, A.; Gauer, ].S.; Crabbe, S.; Cheah, ].W.; Lau, J.; Walsh, R.; Cancalon, PF.; Williamson, G. Effect of the flavonoid hesperidin
on glucose and fructose transport, sucrase activity and glycaemic response to orange juice in a crossover trial on healthy
volunteers. Br. J. Nutr. 2019, 121, 782-792. [CrossRef]

Wojcicki, ] M.; Heyman, M.B. Reducing Childhood Obesity by Eliminating 100% Fruit Juice. Am. ]. Public Health 2012, 102,
1630-1633. [CrossRef] [PubMed]

Gardufio-Alanis, A.; Malyutina, S.; Pajak, A.; Stepaniak, U.; Kubinova, R.; Denisova, D.; Pikhart, H.; Peasey, A.; Bobak, M.;
Stefler, D. Association between soft drink, fruit juice consumption and obesity in Eastern Europe: Cross-sectional and longitudinal
analysis of the HAPIEE study. J. Hum. Nutr. Diet. 2020, 33, 66—77. [CrossRef]

Scheffers, FR.; Boer, ].M.A. Sugar intake and all-cause mortality—differences between sugar-sweetened beverages, artificially
sweetened beverages, and pure fruit juices. BMC Med. 2020, 18, 112. [CrossRef] [PubMed]

Alhabeeb, H.; Sohouli, M.H.; Lari, A.; Fatahi, S.; Shidfar, F.; AlOmar, O.; Salem, H.; Al-Badawi, .A.; Abu-Zaid, A. Impact of orange
juice consumption on cardiovascular disease risk factors: A systematic review and meta-analysis of randomized-controlled trials.
Crit. Rev. Food Sci. Nutr. 2020, 1-14. [CrossRef]

Ruxton, C.H.S.; Horgan, G.; De Rycker, J. Daily consumption of 100% orange juice does not increase body weight in adults:
A meta-analysis of randomised controlled trials. Proc. Nutr. Soc. 2020, 79, E320. [CrossRef]

Hégele, EA,; Biising, F.; Nas, A.; Aschoff, J.; Gnéddinger, L.; Schweiggert, R.; Carle, R.; Bosy-Westphal, A. High orange juice
consumption with or in-between three meals a day differently affects energy balance in healthy subjects. Nutr. Diabetes 2018, 8, 19.
[CrossRef]

Houchins, J.A.; Burgess, ].R.; Campbell, W.W.; Daniel, ].R.; Ferruzzi, M.G.; McCabe, G.P.; Mattes, R.D. Beverage vs. Solid Fruits
and Vegetables: Effects on Energy Intake and Body Weight. Obesity 2012, 20, 1844-1850. [CrossRef]


http://doi.org/10.3390/nu7085268
http://www.ncbi.nlm.nih.gov/pubmed/26213964
http://doi.org/10.1111/jdi.12309
http://doi.org/10.1136/bmj.h3576
http://doi.org/10.1038/nutd.2017.27
http://www.ncbi.nlm.nih.gov/pubmed/28628126
http://doi.org/10.1093/ajcn/nqz154
http://www.ncbi.nlm.nih.gov/pubmed/31374564
http://doi.org/10.2337/dc19-0734
http://www.gov.uk/government/publications/sacn-carbohydrates-and-health-report
http://www.gov.uk/government/publications/sacn-carbohydrates-and-health-report
http://doi.org/10.1371/journal.pone.0093471
http://www.ncbi.nlm.nih.gov/pubmed/24682091
http://doi.org/10.1007/s00394-020-02426-7
http://www.ncbi.nlm.nih.gov/pubmed/33150530
http://doi.org/10.1001/jamanetworkopen.2020.9993
http://www.ncbi.nlm.nih.gov/pubmed/32644139
http://doi.org/10.1038/s41430-019-0514-x
http://doi.org/10.1017/jns.2017.63
http://doi.org/10.1371/journal.pone.0095323
http://doi.org/10.1136/bmj.k4644
http://www.ncbi.nlm.nih.gov/pubmed/30463844
http://doi.org/10.2337/dc08-1239
http://www.ncbi.nlm.nih.gov/pubmed/18835944
http://doi.org/10.1017/S0007114519000084
http://doi.org/10.2105/AJPH.2012.300719
http://www.ncbi.nlm.nih.gov/pubmed/22813423
http://doi.org/10.1111/jhn.12696
http://doi.org/10.1186/s12916-020-01579-w
http://www.ncbi.nlm.nih.gov/pubmed/32316967
http://doi.org/10.1080/10408398.2020.1865263
http://doi.org/10.1017/S0029665120001755
http://doi.org/10.1038/s41387-018-0031-3
http://doi.org/10.1038/oby.2011.192

Nutrients 2021, 13, 1815 13 of 14

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Duthie, S.J.; Duthie, G.G.; Russell, WR.; Kyle, ].A.M.; MacDiarmid, ].I; Rungapamestry, V.; Stephen, S.; Megias-Baeza, C.;
Kaniewska, ].J.; Shaw, L.; et al. Effect of increasing fruit and vegetable intake by dietary intervention on nutritional biomarkers
and attitudes to dietary change: A randomised trial. Eur. ]. Nutr. 2018, 57, 1855-1872. [CrossRef] [PubMed]

Economos, C.D.; Moore, C.E.; Hyatt, R.R.; Kuder, ].; Chen, T.; Meydani, S.N.; Meydani, M.; Klein, E.; Biancuzzo, R M.; Holick, M.F.
Multinutrient-Fortified Juices Improve Vitamin D and Vitamin E Status in Children: A Randomized Controlled Trial. ]. Acad.
Nutr. Diet. 2014, 114, 709-717. [CrossRef] [PubMed]

Auerbach, B.].; Wolf, EM.; Hikida, A.; Vallila-Buchman, P; Littman, A.; Thompson, D.; Louden, D.; Taber, D.R.; Krieger, J. Fruit
Juice and Change in BMI: A Meta-analysis. Pediatrics 2017, 139, €20162454. [CrossRef] [PubMed]

Crowe-White, K.; O'Neil, C.E.; Parrott, ].S.; Benson-Davies, S.; Droke, E.A.; Gutschall, M.; Stote, K.S.; Wolfram, T.; Ziegler, P.
Impact of 100% Fruit Juice Consumption on Diet and Weight Status of Children: An Evidence-based Review. Crit. Rev. Food Sci.
Nutr. 2016, 56, 871-884. [CrossRef]

Johnson, L.; Mander, A.P.; Jones, L.R.; Emmett, PM.; Jebb, S.A. Is sugar-sweetened beverage consumption associated with
increased fatness in children? Nutrition 2007, 23, 557-563. [CrossRef]

Wan, L.; Jakkilinki, P.D.; Singer, M.R.; Bradlee, M.L.; Moore, L.L. A longitudinal study of fruit juice consumption during preschool
years and subsequent diet quality and BMIL. BMC Nutr. 2020, 6, 25. [CrossRef]

Sakaki, J.R; Li, J.; Melough, M.M.; Ha, K.; Tamimi, R.M.; Chavarro, J.E.; Chen, M.-H.; Chun, O.K. Orange juice intake and
anthropometric changes in children and adolescents. Public Health Nutr. 2020, 1-8. [CrossRef]

Heyman, M.B.; Abrams, S.A. Section on Gastroenterology, Hepatology, and Nutrition; Committee on Nutrition. Fruit Juice in
Infants, Children, and Adolescents: Current Recommendations. Pediatrics 2017, 139, €20170967. [CrossRef]

O'Neil, C.E; Nicklas, T.A.; Rampersaud, G.C.; Fulgoni, V.L., 3rd. 100% Orange juice consumption is associated with better diet
quality, improved nutrient adequacy, decreased risk for obesity, and improved biomarkers of health in adults: National Health
and Nutrition Examination Survey, 2003-2006. Nutr. J. 2012, 11, 107. [CrossRef]

O’Neil, C.E.; Nicklas, T.A.; Zanovec, M.; Kleinman, R.E.; Fulgoni, V.L. Fruit juice consumption is associated with improved
nutrient adequacy in children and adolescents: The National Health and Nutrition Examination Survey (NHANES) 2003-2006.
Public Health Nutr. 2012, 15, 1871-1878. [CrossRef]

Bellisle, F.; Hébel, P.; Fourniret, A.; Sauvage, E. Consumption of 100% Pure Fruit Juice and Dietary Quality in French Adults:
Analysis of a Nationally Representative Survey in the Context of the WHO Recommended Limitation of Free Sugars. Nutrients
2018, 10, 459. [CrossRef] [PubMed]

Murphy, M.M.; Barraj, L.M.; Brisbois, T.D.; Duncan, A.M. Frequency of fruit juice consumption and association with nutrient
intakes among Canadians. Nutr. Health 2020, 26, 277-283. [CrossRef] [PubMed]

Ribeiro, C.; Dourado, G.; Cesar, T. Orange juice allied to a reduced-calorie diet results in weight loss and ameliorates obesity-
related biomarkers: A randomized controlled trial. Nutrition 2017, 38, 13-19. [CrossRef] [PubMed]

Vauzour, D.; Rodriguez-Mateos, A.; Corona, G.; Oruna-Concha, M.].; Spencer, ].P.E. Polyphenols and Human Health: Prevention
of Disease and Mechanisms of Action. Nutrients 2010, 2, 1106-1131. [CrossRef]

Perezjimenez, J.; Neveu, V.; Vos, F.; Scalbert, A. Identification of the 100 richest dietary sources of polyphenols: An application of
the Phenol-Explorer database. Eur. J. Clin. Nutr. 2010, 64, S112-5120. [CrossRef]

Ho, KK.H.Y,; Ferruzzi, M.G.; Wightman, ].D. Potential health benefits of (poly)phenols derived from fruit and 100% fruit juice.
Nutr. Rev. 2019, 78, 145-174. [CrossRef] [PubMed]

Sampson, L.; Rimm, E.; Hollman, P.C.; de Vries, ].H.; Katan, M.B. Flavonol and Flavone Intakes in US Health Professionals. |. Am.
Diet. Assoc. 2002, 102, 1414-1420. [CrossRef]

Chun, O.K,; Kim, D.-O.; Smith, N.; Schroeder, D.; Han, ].T.; Lee, C.Y. Daily consumption of phenolics and total antioxidant
capacity from fruit and vegetables in the American diet. J. Sci. Food Agric. 2005, 85, 1715-1724. [CrossRef]

Liu, K;; Xing, A.; Chen, K,; Wang, B.; Zhou, R.; Chen, S.; Xu, H.; Mi, M. Effect of Fruit Juice on Cholesterol and Blood Pressure in
Adults: A Meta-Analysis of 19 Randomized Controlled Trials. PLoS ONE 2013, 8, €61420. [CrossRef]

Zurbau, A.; Au-Yeung, F; Mejia, S.B.; Khan, T.A.; Vuksan, V.; Jovanovski, E.; Leiter, L.A.; Kendall, CW.C.; Jenkins, D.J.A;
Sievenpiper, J.L. Relation of Different Fruit and Vegetable Sources With Incident Cardiovascular Outcomes: A Systematic Review
and Meta-Analysis of Prospective Cohort Studies. J. Am. Heart Assoc. 2020, 9, e017728. [CrossRef]

Sahebkar, A.; Ferri, C.; Giorgini, P; Bo, S.; Nachtigal, P.; Grassi, D. Effects of pomegranate juice on blood pressure: A systematic
review and meta-analysis of randomized controlled trials. Pharmacol. Res. 2017, 115, 149-161. [CrossRef] [PubMed]

Wang, P.; Zhang, Q.; Hou, H,; Liu, Z.; Wang, L.; Rasekhmagham, R.; Kord-Varkaneh, H.; Santos, H.O.; Yao, G. The effects of
pomegranate supplementation on biomarkers of inflammation and endothelial dysfunction: A meta-analysis and systematic
review. Complementary Ther. Med. 2020, 49, 102358. [CrossRef] [PubMed]

Li, L.; Lyall, G.K.; Martinez-Blazquez, J.A.; Vallejo, F.; Tomas-Barberan, F.A.; Birch, K.M.; Boesch, C. Blood Orange Juice
Consumption Increases Flow-Mediated Dilation in Adults with Overweight and Obesity: A Randomized Controlled Trial. . Nutr.
2020, 150, 2287-2294. [CrossRef]

Valls, RM.; Pedret, A.; Calderén-Pérez, L.; Lluradé, E.; Pla-Paga, L.; Companys, J.; Moragas, A.; Martin-Lujan, F,; Ortega, Y.;
Giralt, M.; et al. Effects of hesperidin in orange juice on blood and pulse pressures in mildly hypertensive individuals:
A randomized controlled trial (Citrus study). Eur. ]. Nutr. 2021, 60, 1277-1288. [CrossRef]


http://doi.org/10.1007/s00394-017-1469-0
http://www.ncbi.nlm.nih.gov/pubmed/28560503
http://doi.org/10.1016/j.jand.2013.07.027
http://www.ncbi.nlm.nih.gov/pubmed/24139824
http://doi.org/10.1542/peds.2016-2454
http://www.ncbi.nlm.nih.gov/pubmed/28336576
http://doi.org/10.1080/10408398.2015.1061475
http://doi.org/10.1016/j.nut.2007.05.005
http://doi.org/10.1186/s40795-020-00347-6
http://doi.org/10.1017/S1368980020003523
http://doi.org/10.1542/peds.2017-0967
http://doi.org/10.1186/1475-2891-11-107
http://doi.org/10.1017/S1368980012000031
http://doi.org/10.3390/nu10040459
http://www.ncbi.nlm.nih.gov/pubmed/29642428
http://doi.org/10.1177/0260106020944299
http://www.ncbi.nlm.nih.gov/pubmed/32787502
http://doi.org/10.1016/j.nut.2016.12.020
http://www.ncbi.nlm.nih.gov/pubmed/28526377
http://doi.org/10.3390/nu2111106
http://doi.org/10.1038/ejcn.2010.221
http://doi.org/10.1093/nutrit/nuz041
http://www.ncbi.nlm.nih.gov/pubmed/31532485
http://doi.org/10.1016/S0002-8223(02)90314-7
http://doi.org/10.1002/jsfa.2176
http://doi.org/10.1371/journal.pone.0061420
http://doi.org/10.1161/JAHA.120.017728
http://doi.org/10.1016/j.phrs.2016.11.018
http://www.ncbi.nlm.nih.gov/pubmed/27888156
http://doi.org/10.1016/j.ctim.2020.102358
http://www.ncbi.nlm.nih.gov/pubmed/32147056
http://doi.org/10.1093/jn/nxaa158
http://doi.org/10.1007/s00394-020-02279-0

Nutrients 2021, 13, 1815 14 of 14

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Zheng, J.; Zhou, Y.; Li, S.; Zhang, P.; Zhou, T.; Xu, D.-P,; Li, H.-B. Effects and Mechanisms of Fruit and Vegetable Juices on
Cardiovascular Diseases. Int. ]. Mol. Sci. 2017, 18, 555. [CrossRef]

D’Elia, L.; Barba, G.; Cappuccio, F.P; Strazzullo, P. Potassium Intake, Stroke, and Cardiovascular Disease A Meta-Analysis of
Prospective Studies. ]. Am. Coll. Cardiol. 2011, 57, 1210-1219. [CrossRef] [PubMed]

Krueger, D.A. Composition of Pomegranate Juice. . AOAC Int. 2012, 95, 163-168. [CrossRef]

Parhiz, H.; Roohbakhsh, A.; Soltani, F.; Rezaee, R.; Iranshahi, M. Antioxidant and Anti-Inflammatory Properties of the Citrus
Flavonoids Hesperidin and Hesperetin: An Updated Review of their Molecular Mechanisms and Experimental Models. Phytother.
Res. 2015, 29, 323-331. [CrossRef]

Homayouni, F; Haidari, F.; Hedayati, M.; Zakerkish, M.; Ahmadi, K. Hesperidin Supplementation Alleviates Oxidative DNA
Damage and Lipid Peroxidation in Type 2 Diabetes: A Randomized Double-Blind Placebo-Controlled Clinical Trial. Phytother.
Res. 2017, 31, 1539-1545. [CrossRef]

Pontifex, M.G.; Malik, M.M.A .H.; Connell, E.; Miiller, M.; Vauzour, D. Citrus Polyphenols in Brain Health and Disease: Current
Perspectives. Front. Neurosci. 2021, 15, 640648. [CrossRef]

Carrillo, J.A.; Zafrilla, M.P; Marhuenda, J. Cognitive Function and Consumption of Fruit and Vegetable Polyphenols in a Young
Population: Is There a Relationship? Foods 2019, 8, 507. [CrossRef] [PubMed]

Vafeiadou, K.; Vauzour, D.; Lee, H.Y.; Rodriguez-Mateos, A.; Williams, R.J.; Spencer, J.P. The citrus flavanone naringenin inhibits
inflammatory signalling in glial cells and protects against neuroinflammatory injury. Arch. Biochem. Biophys. 2009, 484, 100-109.
[CrossRef] [PubMed]

Lamport, D.J.; Saunders, C.; Butler, L.T.; Spencer, ].P. Fruits, vegetables, 100% juices, and cognitive function. Nutr. Rev. 2014, 72,
774-789. [CrossRef]

Whyte, A.R.; Cheng, N.; Butler, L.T.; Lamport, D.].; Williams, C.M. Flavonoid-Rich Mixed Berries Maintain and Improve Cognitive
Function Over a 6 h Period in Young Healthy Adults. Nutrients 2019, 11, 2685. [CrossRef]

Lamport, D.J.; Pal, D.; Macready, A.L.; Barbosa-Boucas, S.; Fletcher, ].M.; Williams, C.M.; Spencer, ].P.; Butler, L.T. The effects of
flavanone-rich citrus juice on cognitive function and cerebral blood flow: An acute, randomised, placebo-controlled cross-over
trial in healthy, young adults. Br. J. Nutr. 2016, 116, 2160-2168. [CrossRef]

Kean, R.J.; Lamport, D.J.; Dodd, G.F,; Freeman, ].E.; Williams, C.M.; Ellis, ]J.A.; Butler, L.T.; Spencer, ].P. Chronic consumption of
flavanone-rich orange juice is associated with cognitive benefits: An 8-wk, randomized, double-blind, placebo-controlled trial in
healthy older adults. Am. J. Clin. Nutr. 2015, 101, 506-514. [CrossRef]

Alharbi, M.H.; Lamport, D.J.; Dodd, G.F,; Saunders, C.; Harkness, L.; Butler, L.T.; Spencer, J.P. Flavonoid-rich orange juice is
associated with acute improvements in cognitive function in healthy middle-aged males. Eur. |. Nutr. 2016, 55, 2021-2029.
[CrossRef]

Lamport, D.J.; Lawton, C.L.; Merat, N.; Jamson, H.; Myrissa, K.; Hofman, D.; Chadwick, H.K.; Quadt, F; Wightman, ].D.; Dye, L.
Concord grape juice, cognitive function, and driving performance: A 12-wk, placebo-controlled, randomized crossover trial in
mothers of preteen children. Am. J. Clin. Nutr. 2016, 103, 775-783. [CrossRef] [PubMed]

Chai, S.C.; Jerusik, J.; Davis, K.; Wright, R.S.; Zhang, Z. Effect of Montmorency tart cherry juice on cognitive performance in older
adults: A randomized controlled trial. Food Funct. 2019, 10, 4423-4431. [CrossRef] [PubMed]

Scheffers, ER.; Boer, ].M.; Wijga, A.H.; van der Schouw, Y.T.; Smit, H.A.; Verschuren, W.M. Substitution of pure fruit juice for
fruit and sugar-sweetened beverages and cardiometabolic risk in European Prospective Investigation into Cancer and Nutrition
(EPIC)-NL: A prospective cohort study. Public Health Nutr. 2021, 1-11. [CrossRef]

Morand, C.; Dubray, C.; Milenkovic, D.; Lioger, D.; Martin, ].F.; Scalbert, A.; Mazur, A. Hesperidin contributes to the vascular
protective effects of orange juice: A randomized crossover study in healthy volunteers. Am. J. Clin. Nutr. 2011, 93, 73-80.
[CrossRef] [PubMed]

Actis-Goretta, L.; Ottaviani, J.I.; Fraga, C.G. Inhibition of Angiotensin Converting Enzyme Activity by Flavanol-Rich Foods.
J. Agric. Food Chem. 2006, 54, 229-234. [CrossRef] [PubMed]

Hornig, B. Vitamins, antioxidants and endothelial function in coronary artery disease. Cardiovasc. Drugs Ther. 2002, 16, 401-409.
[CrossRef] [PubMed]


http://doi.org/10.3390/ijms18030555
http://doi.org/10.1016/j.jacc.2010.09.070
http://www.ncbi.nlm.nih.gov/pubmed/21371638
http://doi.org/10.5740/jaoacint.11-178
http://doi.org/10.1002/ptr.5256
http://doi.org/10.1002/ptr.5881
http://doi.org/10.3389/fnins.2021.640648
http://doi.org/10.3390/foods8100507
http://www.ncbi.nlm.nih.gov/pubmed/31627296
http://doi.org/10.1016/j.abb.2009.01.016
http://www.ncbi.nlm.nih.gov/pubmed/19467635
http://doi.org/10.1111/nure.12149
http://doi.org/10.3390/nu11112685
http://doi.org/10.1017/S000711451600430X
http://doi.org/10.3945/ajcn.114.088518
http://doi.org/10.1007/s00394-015-1016-9
http://doi.org/10.3945/ajcn.115.114553
http://www.ncbi.nlm.nih.gov/pubmed/26864371
http://doi.org/10.1039/C9FO00913B
http://www.ncbi.nlm.nih.gov/pubmed/31287117
http://doi.org/10.1017/S1368980021000914
http://doi.org/10.3945/ajcn.110.004945
http://www.ncbi.nlm.nih.gov/pubmed/21068346
http://doi.org/10.1021/jf052263o
http://www.ncbi.nlm.nih.gov/pubmed/16390204
http://doi.org/10.1023/A:1022182201534
http://www.ncbi.nlm.nih.gov/pubmed/12652109

	Introduction 
	Material and Methods 
	Nutritional Composition, Bioavailability and Intakes 
	Composition 
	Bioavailability 
	Intakes in Europe 

	Potential Risks of Fruit Juice Consumption 
	Type 2 Diabetes 
	Glycaemic Control 
	Obesity and Excess Weight Gain 
	Studies in Adults 
	Studies in Children 

	Evidence for Safe Intakes 

	Potential Benefits of Fruit Juice Consumption 
	Associations with Nutrient Adequacy 
	Cardiovascular Health 
	Mechanisms of Action 
	Evidence for Optimal Intakes 

	Cognitive Function 

	Discussion 
	Conclusions 
	References

